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The basophllic material in the base of the pancreatic cell was named ergasto- 
plasm by Gamier  (21)  because of its close association with the synthetic ac- 
tivity of the cell.  Observations by Caspersson  (10),  Brachet  (7),  and  others 
(13,  24,  25)  have provided strong  evidence that  cytoplasmic nucleoproteins, 
the basophilic substances of the ergastoplasm, participate in the synthesis of 
proteins. The morphological  and chemical  details of the relationship between 
ergastoplasm and protein synthesis have remained  obscure, however, in part 
because of the low resolving power of the ordinary microscope and in part be- 
cause protein synthesis in ~/tro has not been accomplished.  With the  increased 
resolution of  the electron microscope it should  be possible to reexamine the 
relationships between the ergastoplasm and protein synthesis. 
These relationships have been studied in the exocrine portion of the pancreas 
of Swiss albino mice. Mice were fasted, and their pancreatic cells thus depleted 
of ergastoplasm and secretion granules.  The animals were subsequently fed, and 
the formation  of these elements was traced in detail.  Observations made in 
the course of these and ancillary experiments indicate that the ergastoplasm 
is  composed of sacs of variable  structure,  the  membranous  walls  of which 
contain ribonucleic acid. New ergastoplasmic sacs appear mainly within cyto- 
plasmic centers and also, but much less frequently, in apposition to the nuclear 
membrane,  and  possibly in  relation  to  the  basal  plasma  membrane.  Small 
ergastoplasmic  sacs,  at  first  apparently  empty,  later  accumulate  material 
within  their  lumens,  and  become transformed into  the well  known secretion 
granules. 
Materials and Metkods 
Ten to 20 week-old  Swiss  albino mice were used in all the experiments. The animals were 
killed by decapitation, and a sm~|l piece of pancreas was obtained within 2 minutes of the 
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time of death. In most experiments the procedure used for fixation and embedding was  that 
of Palade (29). The tissue was fixed for 4 hours in 1 per cent osmic acid in half-strength Ringer's 
solution buffered with acetate and veronal to pH 7.5. It was then washed in distilled water and 
dehydrated by successive passage through  70, 95, and 100 per cent ethanol. The tissue was 
transferred from absolute ethanol to a half-and-half mixture of absolute ethanol and metha- 
crylate. The methacrylate was composed of  three parts  n-butyl methacrylate to one part 
methyl  methacrylate.  After three  changes  of  methacrylate,  the  tissue  was  embedded  in 
methacrylate to which the catalyst, benzoyl peroxide, had been added.  Polymerization was 
carried out at 47°C. for 24 hours. 
Sections were cut with a Minot mic~otome, modified as described by Dempsey and Lansing 
(19) and equipped with a glass knife. The sections were examined without removing the plastic 
in an RCA model EMU 2c electron microscope with a 40~ aperture in the objective lens and a 
centerable condenser aperture. Electron micrographs were taken at an original magnification 
of from 1000 to 5000 times and enlarged photographically as desired. 
The fine structure of the ergastoplasm was studied in thin sections of the pancreas obtained 
as described above. In addition the effect of hypotonic salt solutions upon the ergastoplasm 
was determined.  Freshly excised pieces of pancreas were placed in 0.14  M sodium chloride, 
which was found to be hypotonic with respect  to the contents of the ergastoplasmic sacs. 
After exposure to this solution for one-half at 37°C the tissue was fixed, embedded, and sec- 
tioned as described above. The appearance of the ergastoplasm in these sections was compared 
to its appearance in control sections of tissue fixed immediately after the death of the animal. 
Experiments were done to confirm the report of Dalton and Striebach (17) that dements 
of the ergastoplasm  (caNed by them cytoplasmic lamellae) were digested with solutions of 
ribonuclease. In experiments on fresh tissue the control specimen was prepared as outlined 
in the above paragraph. The test solution contained 1 rag. of crystalline ribonuclease per cc. 
of 0.14 M sodium chloride. Except for the presence of ribonuclease in the incubating solution, 
control and  test  material  received the same treatment.  In digestion experiments on fixed 
tissues, it was found that the enzyme had no effect on the tissue after fixation in osmic aicd. 
Therefore,  formalln-fixed tissue  was  used  in  this  series  of experiments.  The  tissues  were 
placed for 4 hours in 10 per cent formalin in half-strength Ringer's solution, buffered with 
acetate and veronal to pH 7.5. After repeated washings in distilled water the blocks of tissue 
were placed in the test and control solutions at 69°C. for 3 hours. The test solution contained 
approximately I rag. of crystalline ribonuclease per mi. of distilled water. The control solution 
was distilled water. Following incubation, the test and control tissues were washed in water, 
dehydrated  through  alcohol solutions, and  embedded  in  methacrylate.  In  sectioning  the 
digested tissues and the controls, care was taken to obtain sections as close to the surface of 
the blocks as possible,  since it was found that deep within the block no digestion had occurred. 
It proved impossible to digest tissues which had been embedded and sectioned even though 
the plastic had been dissolved off by placing the sections in benzene for 5 minutes. 
To study the formation of ergastoplasm and zymogen granules,  mice were plac.ed on an 
insufficient diet--a "fasting" diet designed to deplete their pancreatic cells of these elements 
(2,  27).  This diet consisted of water,  a  multivitamin preparation  (polyvisol), mammalian 
Ringer's solution, and glucose.  The animals were kept in separate cages. The mortality after 
7 days on this diet was 15 per cent. At the end of that time, four animals were killed and the 
survivors were fed their regular feed of purina laboratory chow a~ libitum. At frequent inter- 
vals up to 6 hours following this first feeding, animals were killed, and pieces of pancreas were 
prepared for study. Fifty mice were studied in this way. 
OBSERVATIONS 
Fine Structure  of the Ergastoplasm.--As seen with  the light microscope,  the 
basal  portion  of  a  pancreatic  exocrine  cell contains  a  basophilic  component, JULES M.  wEISS  609 
the ergastoplasm. It forms a band of variable width extending inward from the 
basal membrane, coveting the lateral borders of the nucleus, and sometimes 
forming a cap over the apex of the nudeus. 
If the ergastoplasm is observed with the electron microscope, its components 
can be resolved into a  complex and highly organized structure, which will be 
called "the ergastoplasmic complex." A part of this complex consists of sepa- 
rate, formed elements, the "ergastoplasmic sacs." Each sac is bounded by a 
granular "ergastoplasmic membrane," and lies within a granular ground sub- 
stance,  the "cytoplasmic matrix." In very thin sections of the pancreas  the 
ergastoplasmic sacs are seen in section as dosed loops, with their long axes 
essentially parallel (Figs. 1, 3, 4, 10, 13, 15, 16). Our study has made plain that 
the sacs do not anastomose with one another, although diverticulae sometimes 
occur which give this impression. 
The fact that these structures are sacs is consistent with their appearance as 
closed loops in section. Judging from these sections the sacs may be flattened 
with opposite walls apposed, they may be expanded into spherical, ellipsoid,  or 
tubular shapes, or they may be flattened and folded back upon themselves in 
irregular ways. If one were to take a  large dosed sack, the surfaces of which 
were sheet-like and nearly apposed, and were to invaginate it with a  finger 
and then cut it in a plane perpendicular to the finger, one would get two con- 
centric  circles,  representing  the  inner  and outer limiting membranes of the 
invagination, and a dear space between the two circles representing the lumen 
of the sac.  If several such sacks lying next to one another were invaginated 
together, a series of concentric circles would result from section of the structure 
(cf.  Fig. 5). A sack is the most likely three dimensional structure to give such a 
cross-section. 
To test the assumption that the formed units of the ergastoplasmic complex 
are sacs, pieces of fresh pancreas were placed in hypotonic solutions. It was 
found that flattened sacs with flat-loop cross-sections (Fig. 1) became increas- 
ingly swollen with rounded cross-section (Fig. 6). The mitochondria, for which 
there is good evidence of a  peripheral bounding membrane (30),  also became 
swollen. This experiment does not necessarily show that the ergastoplasmic 
membrane is continuous, for the sac might contain insoluble materials  which 
would form a  separate phase without the benefit of a  continuous bounding 
membrane. A discrete phase may have an osmotically variable volume whether 
its boundary is real, as with a  continuous semipermeable membrane, or arbi- 
trary, as with the boundary surrounding a  wool fiber in solution. The experi- 
ment  does  indicate  however,  that  the  ergastoplasmic  sacs  are  units  which 
respond like osmometers to changes in the cytoplasmic tonicity and that these 
units are separate. 
The boundary of the ergastoplasmic sac is a  complex membrane, appearing 
in section as a line 250 A or more in width, depending upon the thickness of the 
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of the membrane. This membrane is continuous except for occasional  breaks, 
which seem to be artifacts produced  in  sectioning.  The membrane  appears 
granular.  It is difficult  to rule out the possibility that  this granularity  is an 
artifact, due to the disruption of a previously smooth membrane, or adsorption 
of the  granules  of the cytoplasmic matrix  onto  the  surface of a  previously 
smooth membrane. Against the possibility of artifact here is the fact that in 
the same section the membrane of the ergastoplasmic sac will appear granular 
and very electron-dense,  whereas the plasma membrane, the nuclear membrane, 
and the mitochondrial membranes will all be smooth and less electron-dense. 
The cytoplasmic matrix varies greatly in its appearance depending upon the 
method of fixation. This matter has been studied in detail by Porter and Thomp- 
son (32) in fibroblasts grown in tissue culture. They found that an electron- 
dense matrix was present when the cell was fixed for 10 minutes in osmic acid 
vapors, but that with 16 hours of such fixation this matrix dissolved out leaving 
a  sharply etched pattern of formed elements. We have found essentially the 
same phenomenon with pancreatic tissue fixed in blocks. Following fixation for 
2  hours  the  cytoplasmic matrix  is  an  electron-dense,  granular,  continuous 
phase. With longer fixation  periods, material leaches  out, until,  after 4 hours 
of fixation,  the  cytoplasmic matrix  is  essentially  electron-lucent  except  for 
variable  concentrations  of  granules.  These  granules,  poorly delimited,  and 
about 100 to 400 A in diameter, are for the most part not so electron-dense as 
is  the ergastoplasmic membrane. 
The contents of the ergastoplasmic sac will be described in connection with 
the observations on the formation of zymogen granules. 
Ckemical Structure of tke Ergastoplasra.--Caspersson  (9), using the ultraviolet 
microscope, and Brachet (6), using the enzyme ribonuclease,  have both shown 
that the ergastoplasm of the pancreatic cell contains ribonucleic acid. In terms 
of fine structure it now becomes desirable to determine whether the ribonueleic 
acid is contained within the ergastoplasmic sac, within the ergastoplasmic mem- 
brane, or within the cytoplasmic matrix.  The second alternative seems most 
probable for several reasons.  First, the observations of Claude (12-15) utilizing 
cell fractionation methods indicate that, in many mammalian tissues including 
pancreas, most of the cytoplasmic ribonucleic acid is contained in the microsome 
fraction in which particles range from 50 m~t to 150 mg in diameter.  Claude 
found no ribonueleic  acid in the supernatant,  apparently homogeneous,  part 
of the cytoplasm of fractionated cells. Hogeboom, Schneider,  and Palade (23) 
also found most of the cytoplasmic ribonucleic  acid in the microsome fraction 
of rat liver,  but they also found a small amount in the superuatant solutions. 
The part of the ergastopiasm which presumably corresponds to Claude's micro- 
somes is the ergastopiasmic sacs,  either whole or fragmented, since these  ele- 
ments have dimensions  comparable to those of the microsomes.  Second, rapid 
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fasted animal is paralleled by a rapid increase within the cytoplasm of ergasto- 
plasmic sacs with their surfaces so flattened that the lumen is almost occluded 
(Figs. 10 and 11). Finally, we have confirmed the work of Dalton and Striebach 
(17),  that  the  membranes  of  the  ergastoplasmic  sac  (called  by  them  the 
lamellae) are digested by solutions of crystalline ribonuclease. Mter formalin 
fixation the ergastoplasmic complex loses much of its fine structure, but the 
ergastoplasmic membrane can still be identified (Fig. 8). Following treatment 
with ribonuclease the membranes of the ergastoplasmic sac become much less 
electron-dense and lose their continuity (Fig. 9). Digestion of fresh tissue also 
results  in  interruption  in  the  continuity of  the  ergastoplasmic  membrane 
(Fig. 7). 
Although the facts presented indicate that ribonucleic acid is present in the 
ergastoplasmic membrane, they do not rule out the possibility that ribonucleic 
acid is also present within the cytoplasmic matrix. 
The Formation of Ergastoplasmic Sacs.--The formation of ergastoplasmic sacs 
was studied in mice which had been fasted for 7 days, refed, and then killed at 
frequent intervals. From observations made on these animals, the conclusion 
was reached that the main sites of formation of ergastoplasmic sacs are in cyto- 
plasmic centers removed from beth the nuclear and plasma membranes. It is, 
however, possible that new sacs are formed, in small number, in apposition 
to the nuclear membrane and also the plasma membrane. 
The  cytoplasmic centers  of formation are  whorl-like structures  which lie 
mainly in the basal region of the pancreatic cell. As many as six or seven of these 
whorls can be seen in section of a  single cell (Fig. 10). These whorls are com- 
posed of a sheet-like membranes which are arranged in layers as if invaginated 
into a cup-like form. Near the center of the whorls the membranes are granular, 
and are so tightly packed that no discernible space separates one membrane 
from its neighbor (Fig. 11). Toward the periphery of the whorls, the membranes 
separate to such extent that they can be resolved into ergastoplasmic sacs di- 
vided from one another by spaces filled with granular cytoplasmic matrix. At 
the outer rim of the whorls, large sacs with sheet-like surfaces, and narrow 
lumens parallel to the surface of the whorls lie separate like lamellae. In these 
peripheral sacs, the membrane is less markedly granular than it is in the center 
of the whorl. 
A second possible site of  ergastoplasmic sac formation is near the  nuclear 
membrane. Here, ergastoplasmic sacs can frequently be seen lying parallel to 
the curvature of the nucleus (Fig. 11). Closest to the nucleus a single membrane 
can at times be seen, which is not part of a sac. Further from the nucleus several 
layers of sacs are frequently encountered, giving an appearance suggesting that 
they are coming away from the nuclear membrane like lamellae into the ad- 
jacent  cytoplasm. Here,  too,  the  membranes nearest  the  nucleus  are  more 
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At the plasma membrane a  complex  situation exists.  The  basal boundary 
of the cell is a double structure, with an outer membrane 250 A thick separated 
from an equally thick inner membrane by a  clear space varying from 100 to 
400 A in width  (Fig.  12). These two membranes are both smooth lines.  The 
outer basement membrane does not extend between adjacent cells,  but,  like 
a basement membrane of a simple epithelium,  surrounds the acinus.  The inner 
membrane  surrounds the individual  cells. 
Plasma and basement membranes may invaginate together to form tubular 
extensions  into the cell (Fig.  12). At other times the plasma membrane itself, 
may undergo complex and extensive invaginations (Figs.  12 and 13). A cross- 
section of such an invagination is difficult to distinguish from a cross-section  of 
an ergastoplasmic sac. The greater granularity of the ergastoplasmic membrane 
may at times be of help in making this distinction, since the membrane forming 
the invagination is usually smooth, but at other times the plasma membrane 
may be granular, as compared to the basement membrane, and when invagina- 
tions of such a plasma membrane form, they cannot always be distinguished 
from ergastoplasmic sacs. Such findings suggest that segments of plasma mem- 
brane might pinch off, and lying free in the cytoplasm, take on the character of 
ergastoplasmic  sacs.  Such  a  possibility  can  only  be  settled  by  future 
investigation. 
To summarize,  it appears that new ergastoplasmic membranes form mainly 
at centers within the cytoplasm. It is possible, that they also form in apposition 
to the nuclear and cytoplasmic membranes. 
The Format{on of Zymogen Granules.--During  fasting  the pancreatic  cells 
of the experimental animals become increasingly  depleted of mature secretion 
granules.  After 7 days of starvation most of the cells contain  relatively few 
granules,  although  occasional  cells will be seen which contain many (Fig.  2). 
When a fasted animal is fed, the pancreas is depleted of most of its remaining 
granules within a  half hour. The process of synthesis of new granules  can be 
observed in  animals  killed  at  longer  postprandial  intervals.  By 70  minutes 
after feeding, a small number of mature granules have been formed; by 6 hours 
the cell contains many granules,  but continues to produce them actively. 
The base of a pancreatic acinar cell of an animal killed 90 minutes after post- 
fasting feeding contains ergastoplasmic sacs which are lined up with their long 
axes pointing toward the apex of the cell (Fig.  16). At both ends of these sacs 
constrictions  occur.  Progressive  stages  of  these  constrictions  can  be  traced 
through, ranging  from small, round buds still attached to the tubular ergasto- 
plasmic sacs, to free spheres (Figs.  14 and 15). In places there are two or more 
of the small  spheres still  joined to one another  by an interval  of membrane 
(Fig. 14). Such spheres,  free from the parent ergastoplasmic sac, are also found 
in the apical cytoplasm (Fig.  16). Near the base of the cell these spheres are 
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the spheres become larger. At 90 minutes, some of the apical spheres contain 
electron-dense material (Fig. 16). All gradations appear between empty spheres 
at the base and black secretion granules at the apex of the cell. At 1½ hours 
after feeding there are many large black apical granules, but toward the base 
there are smaller grey granules as well as the very small, empty spheres. 
The granular membrane surrounding the small spheres can be seen easily 
(Figs.  14-16,  18), As the sphere becomes larger, and its contents become in- 
creasingly electron-dense, the surrounding membrane becomes smoother. When 
the contents of the sphere become black the membrane is dit~cult to see. It is 
then only in extremely thin sections, which we have estimated to be about 100 
A thick, that the contents of the granules become transparent enough to appear 
dark grey. In such sections the mature granules have a  thin, smooth, darker 
grey membrane around them (Fig.  17). 
The essential process then, is one in which buds are pinched off the ends of 
long tubular ergastoplasmic sacs. These small buds move toward the apex of 
the cell, accumulating a  secretion product within their lumens and gradually 
growing larger, until they finally arrive at the apex of the cell as mature secre- 
tion granules. Zymogen granules, then, are essentially products of the ergasto- 
plasmic  sacs. 
DISCUSSION 
Since Mathews' description of the pancreatic acinar cell in 1899 (26) there has been 
much progress in understanding the morphology, chemistry, and function of the basal 
layer of this cell. Mathews himself saw much that was to be described in greater de- 
tail later. He recognized the fine fibrillar structure of the basal cytoplasm, and said 
that the nebenkem, which arose after feeding and looked like a cytoplasmic nudeolus, 
consisted  of more or less tightly packed whorls of fibrillar  material, i~Iore detailed 
knowledge of the fine structure of the basal cytoplasm was not to be gained until the 
recent studies with the electron microscope. Meanwhile, the fact that this apparently 
homogeneous area of the cell does have fine structure was confirmed by studies with 
the darkfield microscope  (8, 20), and by the studies  of Claude  (12, 13) and others 
(22, 23), using  the cell fractionation technique, which revealed the presence of par- 
ticles, probably derived from the ergastoplasm,  ranging in diameter from 50 to 150 
m/~. 
In 1947 Porter and Thompson (32) first described  the %ndoplasmic reticulum," 
a  structure which  has since been identified  by Porter (31) as the submicroscopic 
element of the basal cytoplasm of the pancreas. His finding, that the strands, canali- 
cull, or vesicles making up the elements of the endoplasmic reticulum anastomose, is 
at variance with the work of Mathews and that of several modern workers.  Bern- 
hard, Haguenau, Gautier, and Oberling  (2) have described  the fine structural ele- 
ments of the basal  cytoplasm as being non-anastomosing,  double-membraned  fibers, 
and Dalton (16) has described them as non-anastomosing  lamellae. 
We have found that the submicroscopic unit of structure is a membranous 
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doubt corresponds to the endoplasmic reticulum of Porter,  the double-mem- 
braned fiber of Bernhard, and the lamellae of Dalton. As pointed out in our 
observations, these sacs may take many forms--spherical, ovoid,  tubular, or 
sheet-like.  Diverticulae may appear  in  tubular  sacs,  but  this  is  the  closest 
approach  that  we have ever found to an  anastomosing reticulum.  In  thick 
sections tubular sacs appear to be lamellae; and, if the ends of a tubular sac are 
torn off artificially, it appears in section as a  double-membraned fiber. This 
fibrous appearance of the sac is especially striking when the lumen is completely 
occluded. We are discarding the previously used terms and have substituted the 
term  "ergastoplasmic sac"  which  we believe to  be  more accurate from  the 
historical, functional, and morphological points of view. 
Knowledge  of the chemistry of the ergastoplasm  has been recent. Brachet  (5) 
postulated the presence of ribonucleic acid in the basophilic staining material of the 
cytoplasm. Behrens (1) separated the cytoplasm from the nuclei of plant cells, and 
demonstrated the presence  of ribonudeic acid  in the cytoplasmic fraction. Brachet 
(5) and Caspersson  (9) later demonstrated ribonucleic acid in the cytoplasm of ani- 
mal  cells, using  the different  techniques  of ribonudease digestion  and  ultraviolet 
microscopy.  Cell fractionation experiments  done by Claude  (12-15)  separated  the 
cytoplasm into a particulate fraction, the microsomes, and an homogeneous super- 
natant. Claude found that the microsomes were rich in nucleic acid and phospholipid, 
and that the supernatant contained very little nucleic acid. His work has been con- 
firmed by others, who have found not only nucleic acid and phospholipid  to be pres- 
ent in the microsome fraction, but also many enzymes (4, 22, 28). 
Porter (31) and others (2, 16) have postulated that Claude's microsomes are 
derived from the submicroscopic formed elements of the  cytoplasm. Dalton 
and  Striebach  (17)  have reported that  these formed elements were digested 
with  ribonudease and  we have confirmed their findings.  For reasons  stated 
above, we agree that the ergastoplasmic sacs correspond to Claude's microsomes, 
with their high nucleic acid content. We could then attribute to the membrane 
of  the  ergastoplasmic  sacs  the  chemical  composition of the  microsomes  of 
Claude.  It is this membrane which functions in  the synthesis of other cyto- 
plasmic structures, and probably in its own reproduction. 
Extensive work on the formation of the ergastoplasm has been done in the 
laboratory of Caspersson, and has been based on both chemical and morpho- 
logical  experiments.  Now  that  the  evidence  seems  secure  that  cytoplasmic 
nucleic acid is localized in the ergastoplasmic sac, it is possible to compare the 
findings of Caspersson on the production of cytoplasmic nucleic acid, with those 
of others on the production of the ergastoplasmic sac, or its equivalent. 
Caspersson (10) has formulated a general rule for the synthesis of cytoplasmic ribo- 
nucleic acid which places this synthesis under the control of nuclear factors. The first 
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included (11), is an enlargement of the nucleolus, with an accumulation of ribonucleic 
acid and histone therein. Caspersson  has postulated that there follows a diffusion of 
the histone through the nuclear membrane, where it activates the production of cyto- 
plasmic ribonucleoprotein.  Cytoplasmic nudeoprotdn, formed in the cytoplasm at 
the nuclear membrane, then diffuses outward through the cytoplasm in a decreasing 
concentration gradient as the distance from the nucleus increases. The observations 
of Bodian and Mellors (3), on the other hand, in a study of the phenomenon of chro- 
matolysis,  suggest that the synthesis of cytoplasmic ribonudeic acid occurs not only 
at the nuclear membrane, but at the plasma membrane, as well as at sites within the 
cytoplasm away from either membrane. Claude  (13) has suggested  that the micro- 
somes may be "endowed with the property of self-duplication", but he does "not deny 
the possibility that the cytoplasmic constituents may come, in the course of their 
evolution or activity, under the influence of the nucleus." Porter and Thompson (32) 
suggested  that the dements of the endoplasmic  reticulum multiply and thereby re- 
produce new endoplasmic material. 
Our  evidence supports  the  view  that  new  membranes  containing  nucleic 
acid may be laid down in the body of the cytoplasm and possibly near the nu- 
clear membrane. Thus, within the cytoplasm many centers of new membrane 
formation appear which  are  not  connected with  either the  nuclear or cyto- 
plasmic membrane,  but are probably connected with  the membranes of the 
already present ergastoplasmic sacs.  Meanwhile, new membranes of ergasto- 
plasmic sacs appear close to the nuclear membrane. Another change which we 
have seen in a  cell producing new ergastoplasm has been near the cell mem- 
brane. Here invaginations appear,  which, like the cell membrane, are smooth 
lines, as compared to the granular lines of the ergastoplasmic sac. It is impossible 
to decide on the basis of our observations whether or not the protrusions of the 
cell membranes form ergastoplasmic sacs by pinching off at their bases. It can 
be said definitely that new membranes of ergastoplasmic sacs form within the 
cytoplasm at  sites  removed from  the  nuclear membrane.  Most  of the  new 
ergastoplasm is produced in this way. 
These observations, like those of Bodian and Meilors, support the idea of 
Claude and of Porter, that the particulate nucleic acids of the cytoplasm repro- 
duce themselves. We agree with  Claude that this does not deny that in  the 
course of their evolution or activity these structures may come under the in- 
fluence of the  nucleus.  Caspersson's  concept of the  nucleocentric control  of 
nucleic acid synthesis may well be correct, with the modifications, first, that 
the controlling substances may be able to exert their influences on cytoplasmic 
centers far removed from the nucleus, and, second, that these controlling sub- 
stances may exert their influences in the cytoplasm after a  lapse of time. It 
should be added, that although the membranes are formed in the cytoplasm, 
there remains the possibility that their precursors are formed in the nucleus. 
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of other cellular  structures. Mathews believed that the fibrillar  material gave 
rise to the zymogen granules  of the pancreas.  Gamier (21), thinking that the 
basal cytoplasm of the pancreas produced zymogen granules,  called this layer 
the "ergastoplasm" from the Greek ergasomai,  meaning to produce or create, 
and plasma,  meaning  image.  The  strongest modern proponents  of the  close 
relationship between nucleic acids and protein synthesis have been Caspersson 
and Brachet, who have found that cells actively producing protein have high 
concentrations of cytoplasmic ribonucleic  acid.  Claude (13), who found nucleic 
acid to be present in microsomes,  zymogen granules,  and mitochondria,  sug- 
gested that the secretory granules  develop from the microsomes,  or that they 
both have a common origin.  Brachet has stressed the role of the microsomes, 
stating that  the "granule  (i.e., microsome)  appears as an ideal  organ for the 
synthesis of proteins." Our evidence is conclusive, we believe, in regard to the 
derivation of zymogen granules from small ergastoplasmic sacs. Whether such 
a secretory mechanism is universal remains to be seen. Dempsey (18) has ob- 
served secretion granules  within otherwise empty vacuoles in the supranuclear 
region of cells of the seminal vesicles. Whether these vacuoles are derived from 
ergastoplasmic sacs,  must be determined by more extensive studies. 
SUMMARY 
The  fine  structure  of  the  ergastoplasm  of the  pancreatic  exocrine  cell  of 
Swiss albino mice has been studied with the electron microscope.  It was found 
that this material consists  of sac-like structures, which may be called ergasto- 
plasmic sacs, embedded in an amorphous granular ground substance, the cyto- 
plasmic matrix. The membranous wall of the ergastoplasmic sac is a structure 
approximately 250 A wide. Except for its greater electron density and granular 
structure, the ergastoplasmic membrane is similar in appearance to the nuclear, 
plasma, and mitochondrial membranes. From data available in the literature, 
and from our own evidence, the conclusion can be drawn that the ergastoplasmic 
membrane contains ribonucleic  acid. 
The  mode of  formation  of  the  ergastoplasm  and  secretory granules  was 
studied in animals which were first fasted and subsequently fed. It was found 
that ergastoplasm is formed within the cytoplasm, near the nuclear membrane, 
and possibly from the plasma membrane. The secretory granules were observed 
to arise by accumulation of materials within small  ergastoplasmic sacs. 
I wish to thank Dr. A. Duncan Chiquoine of the Department of Anatomy, Washington 
University School of Medicine, for his valuable critidsms during the writing of this paper. 
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FIG.  1.  Electron micrograph of a  portion of an  exocrine pancreatic ceLl from  a 
mouse that was not fasted. The basal plasma membrane  (BM) is at the bottom of 
the micrograph, with the apex of the cell, containing many secretion granules (G), at 
the top. The ovoid nucleus (N) occupies a  central basal position, and is surrounded 
by many  ergastoplasmic sacs (ES)  lying parallel to one another,  and  forming,  in 
aggregate, the basal basophilic material, the ergastoplasm. Rod-like and oval mito- 
chondria (M) are present in both basal and apical parts of the cell. Fixed in  1 per 
cent osmic acid for 4 hours.  X  4000. 
FIG. 2.  Electron micrograph  of several exocrine pancreatic cells from  a  mouse 
fasted for 6  days. Most cells decrease in size following fasting. The nuclei do not 
change appreciably in size or contour. There is a  marked decrease in the number of 
secretion granules (G), mitochondria (M), and ergastoplasmic sacs (ES),  the lumens 
of which become so reduced that the sacs appear as fibers. 
The condition illustrated here is an extreme one. Marked variation occurs from 
cell to cell; some, such as the one at the extreme upper edge of the picture, are almost 
normal in appearance. Fixed in 1 per cent osmic acid for 4 hours.  ×  4000. 
FIG. 3.  Electron micrograph of a  port'ion of an exoctine pancreatic cell from a 
mouse fasted for 7  days, refed, and  killed 3  hours after feeding. Many large, flat 
ergastoplasmic sacs (ES) are present, their long axes parallel. The sacs are interpreted 
as flattened structures shaped like a  pillow-case with sealed ends. Many such  flat 
sacs are found in pancreatic cells of animals killed 3 hours after a postfasting feeding. 
This is the form that ergastoplasmic sacs take when  they are first formed. Several 
mitochondria (M) can be seen in section, as well as a  mature secretion granule (G), 
and immature or newly forming secretion granules (IG). Fixed in  !  per cent osmic 
acid for 4 hours.  X  10,000. 
FIG. 4.  Electron micrograph of a  portion of an exocrine pancreatic cell from an 
unfasted mouse. The ergastoplasmic sacs (ES)  are closed loops in section, and are 
bounded by an ergastoplasmic membrane which is approximately 250 A thick. These 
sacs are smaller and more nearly tubular than are those in Fig. 3. This is indicated 
both by the smaller ratio of length of loop to diameter of loop, and by the presence 
of circular loops, which are cross-sections through either tubular or spherical sacs. 
Mitochondria  (M)  and  secretion granules  (G)  are  also present.  The  cytoplasmic 
matrix (CM) is electron-lucent. Fixed in 1 per cent osmic acid for 4 hours.  ×  12,000. THE  JOURNAL  OF  EXPERIMENTAL MEDICINE  VOL.  98  PLATE 53 
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FIG.  5.  Electron micrograph  of a  portion of an  exocrine pancreatic  cell from  an 
unfasted  mouse.  The  dilated  lumens  of  the ergastoplasmic  sacs  are  electron-lucent, 
and  the cytoplasmic matrix (CM)  is electron-dense, due  to the close packing of the 
granular matrix material. In the center of the field are 6 concentric lumens (1, 2, 4, 5, 6; 
3  is  not  labelled)  of  flattened,  invaginated  ergastoplasmic  sacs  arranged  in  dome- 
shaped laminae. The direction of section is roughly perpendicular  to the direction of 
the invagination. Around this group of 6 are more large invaginated sacs which have 
been sectioned almost parallel to their invagination, resulting in a  closed loop struc- 
ture rather than a target structure. The loops are long and tortuous, and occasionally 
exhibit diverticulae. At the upper left and lower right hand corners of the micrograph 
are sections through ovoid sacs. Fixed in 1 per cent osmic acid for 4 hours.  X  16,000. 
FIG.  6.  Electron  micrograph  of a  portion  of an  exocrine pancreatic  cell from  an 
unfasted  mouse.  Before fixation  the  fresh  piece  of  pancreas  was  placed  in  0.14  M 
sodium chloride and incubated for 30 minutes at 37°C. A swollen mitochondrion (M) 
can be recognized by the cristae which are still attached  to the peripheral bounding 
membrane.  Around  the  mitochondrion  are  swollen ergastoplasmic  sacs  (ES)  which, 
like  the  mitochondrion,  have  been  dilated  by  the  hypotonic  medium.  The  control 
section, fixed immediately after removal of the pancreas, contained unswollen ergasto- 
plasmic sacs and mitochondria like those in Figs.  1 and 3. Fixed in  1 per cent osmic 
acid for 4 hours.  X  12,000. 
FIG.  7.  Electron micrograph  of  a  portion  of an  exocrine pancreatic  cell from  an 
unfasted mouse. Before fixation the fresh piece of pancreas was placed in 1 cc. of 0.14 
M sodium chloride solution containing  1 rag. of ribonuclease,  and  was  incubated  for 
30 minutes  at  37°C.  The  outlines  of ergastoplasmic  sacs  can  be made  out,  but  the 
ergastoplasmic membranes (EM)  are now discontinuous, as compared to the continu- 
ous membranes  of the control section  (Fig.  6).  Fixed in  1 per cent osmic acid for 4 
hours.  X  12,000. 
FIG.  8.  Electron  micrograph  of  a  portion  of  an  exocrine pancreatic  cell from  an 
unfasted  mouse.  After formalin fixation the piece of pancreas  was washed  and  then 
placed in distilled water. Incubation was for 3 hours at 69°C. The lumens  (L) of the 
ergastoplasmic sacs are electron-lucent, and the cytoplasmic matrix is electron-dense. 
Formalin fixation does not  allow fine delineation  of structure.  Fixed in  10 per  cent 
formalin for 4 hours.  X  8,000. 
FIO. 9.  Electron micrograph  of a  portion  of an  exocrine pancreatic  cell from  an 
unfasted  mouse.  Following formalin fixation, the piece of pancreas  was  washed  and 
then placed in 1 cc. of distilled water to which  1 mg. of ribonuclease had been added. 
Incubation was for 3 hours at 69°C. The outlines of ergastoplasmic sacs can be made 
out, but the ergastoplasmic membranes are now discontinuous and less electron-dense, 
as compared  to the continuous electron-dense membranes of the control section (Fig. 
8). Fixed in  10 per cent formalin for 4 hours.  ×  12,000. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 98  PLATE  54 
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FIG. 10.  Electron micrograph of exocrine pancreatic cells from a mouse fasted for 
7 days, refed,  and killed 3 hours after feeding.  The central cell in this micrograph is 
separated from cells on the right and left by incompletely defined plasma membranes 
(PM). The nucleus (N) of this central cell does not differ appreciably in appearance 
from  the  nuclei of  cells  from  a  fasted  control animal. The  cytoplasm around the 
nucleus contains five  centers of ergastoplasmic membrane formation (arrows).  Sec- 
tion through these centers has gone near the core of the structure, where the ergasto- 
plasmic membranes are so tightly packed as to give rise  to a homogeneous electron 
density. Around the periphery of these centers the ergastoplasmic membranes separate, 
and become resolved into large, flat ergastoplasmic sacs,  with lumens almost com- 
pletely occluded.  In the cell at the right, two centers are seen in tangential surface 
section. Here the large,  flat, cup-shaped ergastoplasmic sacs are seen as they separate 
at the periphery of the centers. At the lower right of the micrograph is an acinar lu- 
men, (AL) near which granules (G) are accumulating. Fixed in 1 per cent osmic acid 
for 4 hours.  ×  4,000. 
FIG.  II.  Electron micrograph of a  portion of an exocrine pancreatic cell from a 
mouse fasted for 7 days, refed,  and killed 6 hours after feeding.  The large structure 
which occupies  most of  the field  is a  cytoplasmic center of forming ergastop]asmic 
membranes. The section is through the structure's core, which is composed  of sheet- 
like ergastoplasmic membranes packed  tightly together like the layers of an onion. 
Around the periphery the ergastoplasmic membranes separate from each other, and 
become recognizable as flat, narrow-lumened sacs. At the bottom of the micrograph 
an edge of the nucleus (N) can be seen. On the cytoplasmic side of the nuclear mem- 
brane, an ergastoplasmic membrane is present. Fixed in 1 per cent osmic acid for 4 
hours.  )<  18,000. 
FIG.  12.  Electron micrograph of  a  portion of an exocrine cell from an unfasted 
mouse. A  basal cell surface runs diagonally across  the micrograph. This surface is 
composed  of  an outer basement membrane, approximately 250  A  thick,  separated 
from an equally thick plasma membrane by a space  which varies in width from 100 
to 400 A. Invaginations of both membranes occur, and are seen in different planes of 
section (//).  Invaginations of  the plasma membrane alone also  occur, and are also 
seen in several different planes of section (I). In the cytoplasm beneath the cell sur- 
face  are membranous loops,  which may be sections through ergastoplasmic sacs,  or 
through invaginations of the plasma membrane. The structure at  the lower  left is 
probably an ergastoplasmic sac (ES), and has a  membrane more granular than the 
plasma membrane. Several secretion granules are present in the picture.  Fixed  in 
1 per cent osmic acid for 4 hours.  ×  12,000. 
FIG. 13.  Electron micrograph of a portion of an exocrine pancreatic cell from an 
unfasted mouse. A basal cell surface runs diagonally across  the upper right corner of 
the micrograph. The outer basement membrane and the inner plasma membrane are 
not sharply defined. An invagination (I) of the plasma membrane is strikingly similar 
in appearance to the underlying ergastoplasmic sacs  (ES). A mitochondrion (M)  is 
present. Fixed in 1 per cent osmic acid for 4 hours.  X  30,000. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  98  PLATE  55 
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FIG.  14.  Electron micrograph  of a  portion  of an  exocrine pancreatic  cell from  a 
mouse fasted  for  7  days,  refed,  and  killed 90  minutes  after  feeding.  Many  tubular 
ergastoplasmic  sacs  are  present  showing  different  stages  of  the  constriction  and 
pinching  off of  similar  small  structures.  One  sees  tubular  sacs  in  various  stages  of 
constriction (No. 1) and small spheres are present which have been almost completely 
pinched  off, but which are still joined to one another by intervals of ergastoplasmic 
membrane  (No. 2).  Scattered  throughout  the field are spheres  completely separated 
from the tubular ergastoplasmic sacs. A long mitochondrion (M) is also present  Fixed 
in  1 per cent osmic acid  for 4  hours.  ×  12,000. 
FIG.  15.  Electron  micrograph  of a  portion  of  an  exocrine pancreatic  cell from  a 
mouse fasted for 7 days, refed, and killed 90 minutes after feeding. At the upper part 
of the picture, tubular sacs can be seen in the process of pinching off spheres (No. 1). 
At  the lower right  are  a  series  of  tubular  ergastoplasmic  sacs  lying parallel  to  one 
another.  The lowest one in  this  series  (No. 2)  has  pinched  off a  spherical  sac.  This 
sphere is not empty, but contains a light grey, homogeneous material. To the left are 
two larger spheres (No. 3), joined to one another, and also containing light grey ma- 
terial. Above these two is still a  fourth sphere (No. 4), larger still, and containing the 
same light grey material. Fixed in 1 per cent osmic acid for 4 hours.  ×  12,000. 
FIG.  16.  Electron  micrograph  of a  portion  of an  exocrine pancreatic  cell from  a 
mouse fasted  for 7 days,  refed, and  killed 90 minutes after feeding. The base of the 
cell is at the bottom, and the apex is at the upper left corner. Tubular ergastoplasmic 
sacs, lying parallel to one another, are arranged with their long axes pointing toward 
the apex of the cell. At the right is the group of ergastoplasmic sacs shown in Fig.  15 
(IG).  At  the  apical end  of  the  cell,  many spheres like those in  Fig.  15 can be  seen 
which contain light grey material. These grey-filled spheres represent immature secre- 
tion granules.  Small empty spheres  can also be seen. A  few mature  granules  (G)  are 
present,  as are several mitochondria  (M).  Fixed in 1 per cent osmic acid for 4 hours. 
X  6,000. 
Fro.  17.  Electron micrograph  of a  portion of an exocrine pancreatic  cell from all 
unfasted  mouse.  At  the lower right  corner  of  the picture  is an  immature  secretion 
granule  (IG)  containing  light  grey  material  and  surrounded  by  an  ergastoplasmic 
membrane.  Mature  secretion  granules  (G)  are  present,  which  contain  dark  grey 
material, masking  the presence of an ergastoplasmic membrane.  Several intergrades 
are present. Fixed in 1 per cent osmic acid for 4 hours.  X  12,000. 
FIG.  18.  Electron  micrograph  of a  portion  of an  exocrine pancreatic  cell from  a 
mouse fasted for 7 days, refed, and killed after 6 hours. Several small, relatively empty 
spheres  are present  (No. 1),  as well as larger spheres  containing material of varying 
densities (Nos.  2, 3, and 4). A  few mature secretion granules  (G)  are present,  as well 
as several mitochondria  (M). Fixed in 1 per cent osmic acid for four hours.  X  20,000. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 98  PLATE  56 
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